Environmental implications and the tendency of heavy metals to accumulate in selected tissues of plants and animals, as well as their overall potential to be toxic even at relatively minor levels of exposure, are a source of concern. The use of cheap and effective biological means for heavy metal remediation has been advocated. This study examines the biosorption and bioaccumulation of ferrous ion by Aspergillus terreus (A. terreus) and Trichoderma viride (T. viride) in a batch system. The effects of some important parameters, such as initial metal concentration, temperature and inoculum concentration on biosorption capacity were examined. Langmuir, Freudlinch, Temkin and Dubinin-Radushkevich models were applied to explain the biosorption isotherms of Fe(II) onto the biosorbents. The process fitted well into pseudo first order kinetic model and was best explained by the Langmuir isotherm with maximum absorption capacity of 6.33 and 7.50 mg/g for A. terreus and T. viride, respectively. The calculated thermodynamic parameters (ΔG W , ΔH W and ΔS W ) showed that the biosorption of the ferrous ion to the organisms is feasible, spontaneous and exothermic in nature at low temperature.
INTRODUCTION
The presence of heavy metal ions in the environment is a major concern due to their toxicity to many life forms.
Industrial processes, such as mining operations, sludge disposal, metal as plating and the manufacture of electrical equipment lead to the release of metal ions into the environment and, invariably, they become pollutants in the environment. The toxic nature of these pollutants has caused increased concern regarding their removal from industrial effluents (Senthilkumar et al. ) . Heavy metals are not biodegradable and tend to accumulate in living organisms, causing various diseases and disorders (Manaham ; Yu ) .
Although iron is an essential element for life, its excess in plant and animal tissues may be responsible for a wide range of metabolic disorders, due mainly to its involvement in Fenton reactions leading to the production of high levels of toxic hydroxyl radicals ( · OH) and other reactive oxygen species (H 2 O 2 , O 2À ) (Bode et al. ; Thongbai & Goodman ) . These compounds react with polyunsaturated fatty acids, protein and nucleic acids, thus giving rise to the destruction of numerous endocellular structures (Alscher et al. ) . Serious toxicity is likely with ingestion of more than 60 mg/kg. Toxic effects of iron may occur at doses of 10-20 mg/kg of elemental iron (Rao & Georgieff ) . When high concentrations (over 200 ppm) of iron are absorbed, for example by haemochromatosis patients, iron is stored in the pancreas, the liver, the spleen and the heart and may damage these vital organs. Thus, the need for the removal of ferrous ion from wastewater is justified. 
MATERIALS AND METHODS

Biosorbent preparation
Metal-degrading fungal strains of A. terreus and T. viride isolated from contaminated soil were collected from the Microbiology Department of the Federal University of Agriculture Abeokuta, southwestern Nigeria. The biomass was suspended in 10 mL deionized water and centrifuged at 4,000 rpm for 10 min to separate vegetative materials from spores. The supernatant was decanted and the precipitated spores were dried in a hot air-oven and weighed to constant mass (Hemambika et al. ) . One mL of deionized water was added to the dried spores as necessary.
Preparation of aqueous solution of metal ions
The 
Equilibrium studies
Equilibrium adsorption isotherms were performed in a batch process as previously described (Bello et al. ;
Adeogun et al. , ). The amount of metal ion adsorbed by the biosorbent at equilibrium, Q e (mg/g), was calculated using Equation (1):
where C o and C e (mg/L) are the liquid-phase concentrations of the metal ion at initial and equilibrium, respectively. V is the volume of the solution (L), and W is the mass of dry adsorbent used (g).
Bioaccumulation studies
The procedure was similar to that of equilibrium studies, except that samples were prepared and withdrawn at an interval of 24 hours for the determination of residual iron in the solution. The amount of iron absorbed at intervals was expressed as a percentage:
Batch kinetic studies
The procedures for kinetic experiments were basically identical to those of equilibrium tests. The aqueous samples were taken at pre-set time intervals, and the concentrations of the metal ions were similarly determined. The amount of metal ion adsorbed at time t, Q t (mg/g), was calculated using Equation (2):
where C o and C t (mg/L) are the liquid-phase concentrations of the metal ion at initial and at time t, respectively. V is the volume of the solution (L), and W is the mass of dry adsorbent used (g).
RESULTS AND DISCUSSION
Effect of hydrogen ion concentration pH is described as the most important factor for ion uptake From the figures, it can be seen that the equilibrium time for metal ion biosorption T. viride is concentration dependent while that of A. terreus does not depend on initial metal ion concentration. This is as a result of the high affinity of A. terreus for metal ion (Dias et al. ) .
Biosorption kinetics
Pseudo first order kinetics
The study of adsorption kinetics is important in the treatment of aqueous effluents as it provides valuable information on the reaction pathways and the mechanism of the adsorption process. Many kinetic models have been developed in order to find intrinsic kinetic adsorption constants; traditionally, the kinetics of metal ions adsorption is described following the expressions originally given by Largegren (). A simple kinetic analysis of adsorption under the pseudo first order assumption is given by Equation (3) below: where Q e and Q t are the amounts of the metal ion biosorbed (mg g À1 ) at equilibrium and at time t (min), respectively, k 1 is the rate constant of biosorption (min À1 ) and t is the contact time (min). The integration of Equation (3) with initial conditions, Q t ¼ 0 at t ¼ 0 and Q t ¼ Q t at t ¼ t, yields Equation (4):
The kinetic data were analyzed with non-linear regression analysis method using a program written on MicroMath Scientist software (Salt Lake City, USA). The parameters used for fitting the pseudo first order kinetics are shown in shown by Equation (5):
Upon integration and rearrangement, the second order rate equation becomes Equation (6):
where k 2 (g mg À1 min À1 ) is the rate constant of second order adsorption. The parameters for pseudo second order theoretical fitting of time-dependent biosorption of the metal ion onto the biosorbent (Q t ) are presented in Table 1 
Statistical test for the kinetic data
Although the R 2 , i.e., the correlation coefficients used to compare the data, the pseudo first and second order kinetic models were also evaluated further by the percentage error function which measures the differences (% SSE) in the amount of the metallic metal ion uptaken by the adsorbent predicted by the models, (Q cal ), and the actual, i.e., the sum of error squares (SSE, %) given by Equation (7):
where N is the number of data points. The higher the value of R 2 and the lower the value of SSE, the better will be the goodness of fit. From Table 1 , the lower values of % SSE for the first order model confirm the acceptability of the model over the second order model. 
A. terreus The Langmuir isotherm equation is written as Equation (8):
where C e is the supernatant concentration after the equilibrium of the system (mg L The values of R 2 in Table 2 for the Langmuir isotherm showed better fittings (Figures 6 and 7) for the metal ions by the two biosorbents. Separation factor (R L ) is defined by the relationship in Equation (9) (Anirudhan & Radhakrishnan ):
where C i is the initial concentration (mg L À1 ). The value of the separation parameter provides important information about the nature of adsorption. If R L value of zero implies irreversible adsorption, it is a favorable process when 0 < R L < 1, linear when R L is 1 or unfavorable when R L is greater than 1 (Chen et al. ) . The values of R L in this study and presented in Table 2 implied that the process is favorable.
Freundlich isotherm model
The Freundlich isotherm is based on the assumption of nonideal adsorption on heterogeneous surfaces and the linear form of the isotherm can be represented as in Equation (10) (Freundlich ) :
where K F is the Freundlich constant related to sorption
1/n and n is related to the adsorption intensity of the adsorbent. The value of K F from this study showed that biosorbents have similar affinity for the metal ion. The value of 1/n showed that the surfaces are heterogeneous (Krobba et al. ) .
Redlich-Peterson isotherm
A three parameter Redlich-Peterson equation has been proposed to improve the fit by the Langmuir or Freundlich equation and is given by Equation (11):
where K 
D-R isotherm
The D-R model (Dubinin et al. ) was chosen to estimate the heterogeneity of the surface energies and also to determine the nature of biosorption processes as physical or chemical. The D-R sorption isotherm is more general than the Langmuir isotherm as its derivation is not based on represented by Equation (12):
where Q m is the theoretical saturation capacity (mol g 
If the magnitude of E is between 8 and 16 kJ mol À1 , the sorption process is supposed to proceed via chemisorption, while for values of E < 8 kJ mol
À1
, the sorption process is physical in nature. Since the values obtained in this study are within the ranges specified by the model, the process therefore, is purely chemisorption.
Biosorption thermodynamics
Distribution of the metal ion between the solution and the biosorbent is an equilibrium process associated with the equilibrium constant, K D . The equilibrium constant was used to estimate the thermodynamic parameters owing to its temperature dependence as previously explained 
